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Description 

Background of the Invention 

This invention relates to an electrophoretic dis- 
play apparatus in general and more particularly to an 
electrophoretic display apparatus having a dual 
anode structure. 

The electrophoretic display (EPID) is well known 
and there exists many patents and articles in the prior 
art which describe the construction, structure as well 
as describing the operation of such displays. The fol- 
lowing patents are illustrative of prior art devices and 
approaches. These patents issued to Frank J. Disan- 
to and Denis A. Krusos, the inventors herein, and are 
assigned to Copytele, Inc., the assignee herein. 

See for example, U.S. 4.655,897 issued on April 
7, 1987 entitled ELECTROPHORETIC DISPLAY 
PANELS AND ASSOCIATED METHODS. 

This patent describes a typical electrophoretic 
display apparatus utilizing an XY matrix consisting of 
grid and cathode lines which are insulated one from 
the other and which are associated with an anode 
electrode and having the space between the grid and 
cathode lines and the anode electrode filled with an 
electrophoretic dispersion. The patent describes 
t chniques for making such displays as well as suit- 
able dispersions for use with such displays. 

U.S. 4,732,830 issued on March 22, 1988 entitled 
ELECTROPHORETIC DISPLAY PANELS AND AS- 
SOCIATED METHODS This patent describes meth- 
ods for making electrophoretic displays as well as de- 
scribing display construction and operation. 

U.S. 4,742.345 entitled ELECTROPHORETIC 
DISPLAY PANEL APPARATUS AND METHODS 
THEREFOR issued on May 3. 1988. This patent de- 
scribes improved electrophoretic display panels ex- 
hibiting improved alignment and contrast with circui- 
try for implementing the same as well as methods for 
providing such a panel. 

U.S. 4,746,917 issued on May 24, 1988 entitled 
METHOD AND APPARATUS FOR OPERATING 
ELECTROPHORETIC DISPLAYS BETWEEN A DIS- 
PLAY AND A NON-DISPLAY MODE. This patent de- 
scribes various biasing techniques for operating elec- 
trophoretic displays to provide writing, erasing as well 
as operating the display during a display and non-dis- 
play mode. 

U.S. 4,772,820 issued on September 20, 1988 
entitled MONOLITHIC FLAT PANEL DISPLAY APPA- 
RATUS. This patent describes methods and appara- 
tus for fabricating flat panel displays employing lec- 
trophoretic principl s to enable such displays t be 
biased and driven by additional circuitry. 

As one will understand, by reviewing th abov - 
noted patents, as well as additional subject matter, an 
important object of th prior art is to provide an im- 
proved display with increas d contrast, faster operat- 



ing time, and more reliable performance. A particular- 
ly disturbing problem which occurs in electrophoretic 
displays results in the appearance of a bright "flash" 
emanating from the display during the ERASE mode. 
5 This "flash" while occurring over a relatively short per- 
iod is perfectly visible. The flash" appears disturbing 
to many individuals who view the display and is 
caused by the following phenomenon. For proper op- 
eration of the electrophoretic display, the amount of 
10 pigment in the suspension is considerably greater 
than the pigment required to give a suitable back- 
ground when the panel is in a HOLD condition. The 
term HOLD is known in the art, and essentially the 
electrophoretic panel is placed in a HOLD condition 

is prior to writing the display. In this manner the HOLD 
condition is achieved when the anode is at a high pos- 
itive voltage, the grid is at a low voltage, and the cath- 
ode is at a high voltage. 

Typically, the anode would be at a voltage for ex- 

20 ample of 200 volts with the grid at a lower voltage as 
for example -12 volts with the cathode at a high vol- 
tage which would be +15 volts. With these voltages 
on the typical prior art electrophoretic display, the dis- 
play is in the so-called HOLD condition. This HOLD 

25 condition is implemented prior to the writing mode 
during which mode new information is written into the 
display. The excess pigment during the HOLD condi- 
tion is at the surface of the anode which is at the high- 
est potential with respect to any other of the electro- 

30 des. To ERASE the display, the anode is made neg- 
ative and all the pigment leaves the anode and is at 
the surface of the grid and cathode. During ERASE, 
the anode, for example, would be placed at -200 volts. 
Hence during the ERASE mode, all the pigment 

35 leaves the anode and is now at the surface of the grid 
and cathode accordingly. The cathode side of the flat 
display during the ERASE mode is considerably 
brighter than it is during the HOLD causing a bright 
flash" to appear on the display even when the 

40 ERASE time is extremely short 

The flash" occurs between frames and may re- 
peat every 20 to 30 milliseconds caused by the 
change in brightness between the HOLD and the 
ERASE mode. It is, of course, desirable to eliminate 

45 this bright flash" so that the display appears more 
uniform and stable. 

It is a further object to increase the speed of the 
flat panel display while further reducing the anode 
voltage required during the WRITE and HOLD cycles. 

50 

Summary of the Invention 

This object is achiev d by th device as defined 
in claim 1. 

55 

Brief Description of the Figures 

FIG. 1 is a cross sectional view of an electrophor- 
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etic display according to this invention. 

FIG. 2 is a cross sectional view of the display of 
FIG. 1. 

FIG. 3 is a front plan view of a typical grid line and 
also a configuration of a typical local anode line. 5 

Detailed Description of the Figures 

Referring to Fig. 1, there is shown a cross sec- 
tional view of an electrophoretic display 1 0 construct- 10 
ed according to the teachings of this invention. 

As one can see from FIG. 1, the display 10 basi- 
cally appears as prior art displays with the exception 
that there is an additional electrode 16 which will be 
designated as a local anode as compared to the re- is 
.mote-anode 15.-The-rernoteanode"161s"the conven- 
tional anode associated with the prior art electrophor- 
etic displays. As one will understand, the electrophor- 
etic display as described in many of the prior art pa- 
tents as above indicated has a viewing area which in- 20 
eludes a bottom glass sheet 11. Disposed upon sheet 
11 are a plurality of cathode lines 12. These cathode 
lines 12 are directed in the horizontal or vertical direc- 
tion and are essentially parallel to one another to form 
a matrix or grid of lines. Separated from the cathode 25 
lines by means of a photoresist or insulator 13 is a 
plurality of grid lines 14. The grid lines are disposed 
transverse to the cathode lines and Intersect each 
cathode line to provide an XY matrix arrangement 
where by a typical pixel area is accessed by address- 30 
ing a grid and cathode line and thereby providing a de- 
sired potential at the intersection between the two 
lines. This potential causes the migration of electro- 
phoretic particles which are suspended in the electro- 
phoretic suspension and which particles migrate from 35 
the grid and cathode structure to the anode 18. The 
anode 18 is a very thin layer of metal deposited upon 
a planar glass member 22 according to prior art teach- 
ings. 

Referring to FIG. 2 t there is shown a side cross 40 
sectional view of the electrophoretic display. The 
cathode lines 12 which are thin layers of ITO are de- 
posited upon the glass substrate 11 with the grid lines 
1 4 being perpendicular thereto and insulated from the 
cathode line by means of insulator layer 1 3. The thick- 45 
ness of the insulator areas as 13 and 15 is approxi- 
mately 3 microns with the distance from the top of in- 
sulator 15 to the remote anode electrode 18 being 
about 0.1 78 mm (7 mils). As seen more clearly in FIG. 
2, each grid line 14 is separated from a local anode 50 
line 16 by means of an insulator layer 15. 

In this manner th local anode 16 is of the sam 
exact configurati n as th grid structure 14. The 
anode 1 6 is s parat d from the grid by the insulating 
layer 15 and is configured th sam as the grid struc- 55 
ture. Thus, there are as many anode segm nts as 
there ar grid segments. Each segm nt of the anode 
can have the same xact configuration as th grid. 



For example, U.S. 4,742.345 describes a grid struc- 
ture fabricated with respect to the cathode structure 
in the configuration depicted in FIG. 3. As one can see 
from FIG. 3, each of the grids is fabricated by utilizing 
deposited metal on an insulator whereby a top con- 
ductive area or contact area 30 is provided which con- 
ductive area 30 is above a bottom conductive area 
31. Disposed between areas 30 and 31 are a series 
of tines 32 which are grid conductors. 

As one can understand, the parallel conductor 
members 32 as connected in parallel by the contact 
pair 30 and 31 provide a plurality of intersecting 
points for each of the grid structures with respect to 
the cathode line. The advantage of such an arrange- 
ment has been fully explained 2nd jdescribsd-irs-o-.Sr 
4,742,345. If the grid structure of FIG. 3 is employed 
then the anode structure 1 6 will follow the grid struc- 
ture. In this manner it is seen that the local anode 16 
may consist of a plurality of parallel lines each of 
which is associated with a grid line with each of the 
parallel lines being dimensioned and congruent with 
each of the associated grid lines. 

One can, of course, connect all the anode lines 
together at both contact areas 30 and 31 or one can 
drive each of the anode lines separately or in groups. 
As will be explained if the anode lines are separately 
driven or driven in regard to associated groups then 
one can achieve selective erasing as well as selective 
writing with this display. For purposes of explaining 
the operation of the unique flat panel display depicted 
in FIG. 1 and FIG. 2, first assume that all the anode 
segments 16 or anode lines are connected in parallel. 
In this manner the operation is as follows. 

To obtain a full ERASE from the remote anode 
1 8, one applies a negative high voltage to the remote 
anode 18 which for example is -200 volts. One then 
applies a negative low voltage to the local anode 16 
or to each of the local anode lines 16 of -15 volts. In 
this manner one then keeps the grid at a low voltage 
as for example -12 volts and keeps the cathode lines 
at a high voltage which is +15 volts. These biasing lev- 
els operate to ERASE the display and cause all the 
pigment to be transported to the surface of the grid 
and cathode. During a first HOLD mode, the excess 
pigment is brought to the remote anode 1 8. In this first 
HOLD mode the anode 18 which is the remote anode 
is held at a positive high voltage which may be for ex- 
ample -1-200 volts. The local anode 1 6 is placed at a 
positive low voltage which is +15 volts and the grid 
and cathode are held at -12 volts and +15 volts re- 
spectively as indicated above for the full ERASE 
mod .This first HOLD mod perates to bring the ex- 
cess pigment t the remote anode as described 
abov . As one can a certain, the brightn ss f the 
display betwe n HOLD and ERASE diff rs as descri- 
bed above. 

In a second HOLD mode anod voltag 18 is 
biased at a positive low voltage which is +15 volts 
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while the anode 16 is placed at the same positive low 
voltage which is +15 volts. The grid and cathode 
again are at the same polarities as the full ERASE 
mode or as in the first HOLD mode as indicated 
above. In this second HOLD, as one can ascertain, 5 
since anodes 18 and 16 are at the same potential, all 
the excess pigment is held mainly at anode 18 with 
very little pigment being held at anode 16. 

In order to implement a writing operation, this is 
done as was accomplished in the prior art flat panels. 10 
For a WRITE the anode 18 is held at a low voltage as 
+15 volts. Anode 16 is also held at the same positive 
low voltage. The grid and cathodes will enable a 
WRITE when a grid line is at a high condition with re- 
spect to a cathode line which is at a low condition. is 
When both the grid and cathodes are both high, there 
will be no writing. In a similar manner if grid and cath- 
odes are both low, there is no writing; or if the grid is 
low and cathode is high, there is no writing. 

Hence, as one can understand, the only time a 20 
pixel is written into is when the respective grid line is 
high with the cathode line being low and hence caus- 
ing particle migration at the intersection between that 
grid and that cathode to thereby perform a writing op- 
eration. A selective ERASE mode from the anode 25 
structure 16 is as follows. 

In this selective ERASE mode, the anode 18 is 
held at a low positive voltage +15. The anode lines 1 6 
are held at approximately ground potential or zero. In 
order to implement an ERASE of a given pixel, one re- 30 
quires the grid and cathode line at an intersection 
both to be high. The high condition on both grid and 
cathode lines will produce an ERASE signal at that 
pixel. There will be no ERASE when the grid is low 
with respect to the cathode being high or when the 35 
grid is low and the cathode is low or when the grid is 
high and the cathode is low. The only time an ERASE 
will occur is when both the grid and cathode are high. 
It is obvious when considering the mode designated 
as ERASE that the flat panel can be completely 40 
ERASED by making all the grids and cathodes high 
and the voltage at the anode 16 or each anode line ap- 
proximately zero. In a similar manner one can selec- 
tively ERASE by making the anode voltage approxi- 
mately zero and scanning the cathodes with a high 45 
and for each cathode made high selecting which grids 
are also to be high. 

In this manner, one can provide selective erasing 
at any grid and cathode intersection. In a similar man- 
ner one can ERASE on a line by line basis. This will 50 
occur by scanning the anode lines and placing each 
anod line at ground during a scan interval and simul- 
taneous therewith providing the associated grid lines 
with a high and the associated cathod lin with a 
high. In this manner as on can see, one can ERASE 55 
a single line at a tim or ERASE any particular lin in 
th display at any instant of time. 

The selectiv ERASE may be performed by scan- 



ning the entire panel or by pointing and scanning only 
certain character lines. The selective ERASE permits 
correction of a character or characters, blinking of a 
character or characters and allows access to any pix- 
el in the entire display. By utilizing the above- 
described local anode 1 6, one can selectively ERASE 
any point or pixel in the display as well as selectively 
ERASE line by line. 

Furthermore, since the excess pigment is caused 
to remain at the remote anode then one does not in 
any manner see the f lash"when erasure occurs from 
the local anodes 1 6 as compared to the prior art eras- 
ing mode which occurred at the remote anode 1 8. The 
panel is fabricated utilizing the same techniques as 
evidenced by the prior art. Thus the display shown is 
operated by first providing the HOLD function from 
the remote anode 18 and thereafter ERASING and 
HOLDING from the local anode 16. 

As one can ascertain from referring to U.S. 
4,742,345, the cathode configuration is deposited 
upon the glass sheet 11 employing ITO and is con- 
structed in the same manner as implemented in pre- 
vious flat panels. An insulator which is a photoresist 
is applied to the cathode structure and the insulator 
is then coated with a thin layer of metal (metal 1). This 
metal layer may be chrome or some other material. 

An insulator is applied to the metal layer and a 
thin layer of another metal (metal 2) is then applied to 
the insulator. This other metal may be nickel, alumi- 
num, or some other metal. A layer of photoresist is ap- 
plied to the second metal layer and is patterned in the 
usual way utilizing the grid mask. The metal layer 2 
is then etched using a suitable etching solution de- 
pending upon the properties of the metal. The insu- 
lating layer between the first metal layer and the sec- 
ond metal layer is plasma etched. Using a suitable 
etching solution, the metal layer 1 is etched. It is indi- 
cated that the first metal layer and the second metal 
layer are selected such that the etching solution for 
the first metal layer does not effect the second metal 
layer. There are many solutions which will etch certain 
materials while not etching others. 

The insulating layer between metal layer 1 and 
the cathode is next plasma etched. The metal in the 
chip area is etched leaving only the insulator between 
metal layer 1 and metal layer 2 and the insulator be- 
tween metal layer 1 and the cathode. Prior to assem- 
bly a thin film of Sfo is deposited on the entire sur- 
face except for the cathode and grid chip areas. The 
display parts comprising the structure indicated in 
FIG. 2 are assembled using appropriate spacers. The 
insulator n th surface of th first m tal lay r is re- 
mov d and the flat panel is ready to receiv th chips. 
Th prior art panels, including th chips of th panel 
are further described in conjunction with th prior art 
patents. 

The difference between the structure here and 
those of the prior art is the inclusion of an additional 
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and different anode structure which is a series of 
lines congruent with and insulated from the grid lines. 
The second anode line structure can have all lines 
connected together at both top and bottom as descri- 
bed above or each of the anode lines can be separate- 5 
ly addressed. The anode is for example fabricated 
from aluminum with the grid being fabricated from 
chrome. In this manner one can utilize different etch- 
ants to form the local anode structure 16 as com- 
pared to the typical grid structure 14 and hence ob- 10 
tain all the benefits of the above-noted structure. 

Claims 

15 

1 - AaeleGtrophGretic-dispIay o G) of the iyp'e Havihg 
a cathode structure comprising a plurality of elec- 
trically conductive lines (12) arranged in a given 
direction, with a grid structure insulated from said 
cathode structure and comprising a plurality of 20 
electrically conductive grid lines (14) each per- 
pendicular to said cathode lines to form an X-Y 
addressing matrix with a conventional anode 
electrode (18) separated from said X-Y matrix 
with the space between said anode electrode 25 
and said X-Y matrix accommodating an electro- 
phoretic dispersion (17) including pigment partic- 
les suspended in a fluid, characterized by: 

an additional anode electrode (16) com- 
prising a plurality of electrically conductive paral- 30 
lei lines each associated with and insulated from 
a respective grid line (14) of said grid structure 
with said additional anode (16) operative when 
biased to control the path of said pigment partic- 
les to and from said grid and cathode matrix (X- 35 
Y) and to allow excess pigment to remain at said 
conventional anode electrode (18). 

2. The electrophoretic display according to Claim 1 , 
wherein said additional anode lines (1 6) are of the 40 
same configuration as said grid lines (14). 

3. The electrophoretic display according to Claim 2, 
wherein said grid lines (14) are fabricated from 
chrome with said additional anode lines (1 6) fab- 45 
heated from aluminum. 

4. The electrophoretic display apparatus according 
to Claim 1, wherein said additional anode lines 

(16) are connected together. 50 

5. Th lectrophoretic display according to Claim 1 , 
wherein groups of said anode lin s (16) are con- 
nected together to nable selectiv ERASING f 
said display. 55 

6. The electrophoretic display according to Claim 1 , 
wherein said additional anode lines (16) as insu- 



lated from said grid lines (14) are separated 
therefrom by between 2-5 micrometer. 

7. The electrophoretic display according to Claim 6, 
wherein each one of said grid lines (14) is of a 
tine-like configuration comprising a plurality of 
parallel lines (32) coupled together at a top con- 
tact (30) and a bottom contact (31). 

8. The electrophoretic display according to Claim 1 , 
wherein said cathode tines (12) are fabricated 
from ITO. 

9. The electrophoretic display according to Claim 8, 
wherein said cathode lines .are-depesiied cn a 
planar member of glass (11). 



Patentanspruche 

1 . Elektrophoretische Anzeigevonrichtung (1 0) des 
Typs mit einer Kathodenstruktur, die eine Viel- 
zahl von elekt risen leitenden, in einer gegebenen 
Richtung angeordneten Leitungen (12) aufweist, 
mit einer Gitterstruktur, die von der Kathoden- 
struktur isoliert ist und eine Vielzahl von elek- 
t risen leitenden Gitter leitungen (14) aufweist, die 
jeweils senkrecht zu den Kathodenleitungen lie- 
gen, urn eine X-Y-Adressiermatrix mit einer her- 
kommlichen, von der X-Y- Matrix getrennten An- 
odenelektrode (18) zu bilden, wobei der Raum 
zwischen der Anoden elekt rode und derX-Y-Ma- 
trix eine elektrophoretische Dispersion (17) auf- 
nimmt. die in einem Fluid suspendierte Pigment- 
teilchen umfa&t, gekennzeichnet durch: 

eine zusatzliche Anodendektrode (16), 
die eine Vielzahl von elektrisch leitenden, paral- 
lelen Leitungen aufweist, die jeweils einer ent- 
sprechenden Gitterleitung (14) der Gitterstruktur 
zugeordnet und davon isoliert sind, wobei die zu- 
satzliche Anode (16) bei Vorspannung wirksam 
ist, um den Pfad der Pigmentteiichen zu und von 
der Gitterund Kathodenmatrix (X-Y) zu steuern 
und zuzulassen, daG uberschussige Pigmente an 
der herk 6mm lichen Anoden elekt rode (18) blei- 
ben. 

2. Elektrophoretische Anzeigevorrichtung nach An- 
spruch 1 , bei welcherdie zusatzlichen Anodeniei- 
tungen (16) die gleiche Ausgestaltung wie die 
Gitter leitungen (14) aufweisen. 

3. Elektrophoretische Anz igevonichtung nach An- 
spruch2, beiwelcherdi Gitterleitung n(14)aus 
Chrom hergestellt sind, wobei die zusatzlichen 
Anodenleitungen (16) aus Aluminium hergest lit 
sind. 
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4. Elektrophoretische Anzeigevorrichtung nach An- 
spruch 1 , bei welcher die zusatzlichen Anodenlei- 
tungen (16) miteinander verbunden sind. 

5. Elektrophoretische Anzeigevorrichtung nach An- 5 
spruch 1, bei welcher Gruppen der Anodenieitun- 
gen (16) miteinander verbunden sind, urn ein se- 
lektives LOSCHEN der Anzeigevorrichtung zu 
ermoglichen. 

10 

6. Elektrophoretische Anzeigevorrichtung nach An- 
spaich 1, bei welcher die zusatzlichen, von den 
Gitterleitungen (14) isolierten Anodenleitungen 
(16) davon zwischen 2-5 Mikrometer getrennt 
sind. iS 

7. Elektrophoretische Anzeigevorrichtung nach An- 
spruch 6, bei welcher jede der Gitterleitungen 
(14) von zinkenartiger Ausgestaltung ist, die eine 
Vielzahl von an einem oberen Kontakt (30) und ei- 20 
nem Bodenkontakt (31) zusammengekoppelten, 
parallelen Leitungen aufweist 

8. Elektrophoretische Anzeigevorrichtung nach An- 
spruch 1, bei welcher die Kathodenleitungen(12) 25 
aus ITO hergestellt sind. 

9. Elektrophoretische Anzeigevorrichtung nach An- 
spruch 8, bei welcher die Kathodenleitungen auf 
einem planaren Element (11) aus Glas aufge- 30 
bracht sind. 



Revendications 

35 

1. Dispositif d'aff ichage e1ectrophor6tique (10) du 
type pourvu d'une structure de cathode compre- 
nant une plurality de lignes electriquement 
conductrices (12) disposees dans un sens deter- 
mine, avec une structure de grille isolee par rap- 40 
port a ladite structure de cathode et comprenant 
une plurality de lignes de grille electriquement 
conductrices (14), chacune etant perpendiculaire 
auxdites lignes de cathode pour constituer une 
matrice d'adressage X-Y avec une Electrode 45 
anode dassique (18) separee par rapport a ladite 
matrice X-Y, I'espace entre ladite Electrode ano- 
de et ladite matrice X-Y recevant une solution 
electrophoretique (17) inciuant des particules de 
pigment en suspension dans un flukJe, caracteri- so 
s£ par: 

une el ctrod anode supplem ntaire (16) 
comprenant un plural ite d lignes paralleles 
electriquement conductrices, chacune elant as- 
socteeaun ligned grill respectiv (14)dela- 55 
dite structure de grill , tisole par rapport a cel- 
le-ci, ladit anode supplementaire (16) etant ac- 
tive lorsqu'elle est polarisee de facon a comman- 



der I champ desdites particules de pigment vers 
ladite matrice d grille et de cathode (X-Y), et de- 
puis celle-ci, et pour permettre a r xces de pig- 
ment de rester sur ladite electrode anode dassi- 
que (18). 

2. Dispositif d'aff ichage electrophoretique sefon la 
revendication 1, dans lequel les lignes d'anode 
supplementaires (16) sont d'une conformation 
identique a celles desdites lignes de grille (14). 

3. Dispositif d'aff ichage electrophoretique selon la 
revendication 2, dans lequel lesdites lignes de 
grille (14) sont fabriquees a partir de chrome 
alors que lesdites lignes d'anodes supplementai- 
res (16) sont fabriquees a partir d'aluminium. 

4. Dispositif d'aff ichage electrophonMique selon la 
revendication 1, dans lequel lesdites lignes 
d'anode supplementaires (16) sont reliees en- 
semble. 

5. Dispositif d'aff ichage electrophoretique selon la 
revendication 1, dans lequel des groupes desdh 
tes lignes d'anode (16) sont reliees ensemble 
pour permettre un EFFACEMENT selectif dudit 
dispositif d'aff ichage. 

6. Dispositif d'aff Ichage electrophoretique selon la 
revendication 1, dans lequel lesdites lignes 
d'anode supplementaires (16), isolees par rap- 
port auxdites lignes de grille (14), sont separees 
de celles-ci d'une distance comprise entre 2 et 5 
microns. 

7. Dispositif d'aff ichage electrophoretique selon la 
revendication 6, dans lequel chacune desdites li- 
gnes de grille (14) est d'une conformation en for- 
me de pointe comprenant une pluralite de lignes 
paralleles (32) couplees ensemble surun contact 
superieur (30) et un contact inferieur (31). 

8. Dispositif d'aff ichage electrophoretique selon la 
revendication 1, dans lequel lesdites lignes de 
cathode (12) sont fabriquees a partir d'lTO. 

9. Dispositif d'aff ichage electrophoretique selon la 
revendication 8, dans lequel lesdites lignes de 
cathode sont d£pos£es sur un element en verre 
plan (11). 
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FIG. 1 
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FIG. 3 
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